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Introduction:-

Plasma guns have a wide range of applications in plasma physics and controlled fusion research. They provide high
density plasmas for ion extraction [1]. They supply the target plasma in mirror experiments [2] and also help in the
initiation of toroidal discharges [3]. They are widely used to accelerate pellets for fuelling fusion devices [4]. A
variety of plasma guns have been developed and are in use since last half a century [5-14]. Optimization of plasma
parameters in the structure fired from a plasma gun is an interesting field of research even today. Effect of another
plasma source to fuel plasma structure fired from a plasma gun in worth discussing.

Experimental:-

The plasma gun used in this experiment consists of washer shaped electrodes which are made up of metal/alloys.
Copper washer is used as anode and brass washer is used as cathode. In between the electrodes floating brass
washers are stacked. The gas feed network injects desired gaseous substance into gun body to make it operational.
Argon gas is used in this experiment. The gun is energized by a pulse forming network, which produces square wave
pulse of 140 us. The schematic diagram of plasma gun and allied circuit is shown in figure 1. An electromagnetic
valve is used to inject gas into the gun from backside (cathode side). A low voltage capacitor bank was fired through
a thyratron to generate a magnetic field in the vicinity of the mild steel piece and the resultant magnetization of the
mild steel piece lifts the piston to allow the opening of the orifice and entry of the gas into the plasma gun.
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Figure 1:- Schematic diagram of plasma gun and allied circuit.

A background plasma set up is created [15] in the CPS device [16]. The effect of background plasma upon plasma
parameters of the plasma structure fired from plasma gun is studied by means of different diagnostic tools.
Langmuir probe is simple to fabricate, and is a very effective diagnostic tool to measure plasma parameters [17-18].
The biasing scheme of Langmuir probe is shown in figure 2. A piece of ceramic tube holds the tungsten
probe/probes connected with copper wire/wires. Teflon pipe and tapes are used as insulation and holding material.
These materials (tungsten, ceramic, teflon etc.) are able to withstand high temperature and are vacuum compatible.
Ceramic is also resistant to sputtering and is an insulator.
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Figure 2:- Langmuir probe biasing scheme

Results and Discussion:-

Electron density of plasma is measured using Langmuir probe. If Ig is the electron current flowing through the
circuit when probe is maintained at plasma potential and lower than floating potential then,

I = I exp(-eV,/KT) ()]

Where T, V,, k are the electron temperature, probe potential and Boltzmann Constant respectively.

Vp,=V,-V;

Ist in terms of electron density is given by,

lsat = A Ne v = Age N (KT/2m)H2

Where A, €, ne, v, and m are the area of the probe, charge associated with an electron density, mean thermal
velocity and mass of the electron respectively. Electron temperature is measured from the slope of | ~ V curve.

The electron density is

Ne= (lad Ap)(2rime/e®)2 (e/KTe)"? 2)

Where, A, = m’ + 27rl = Area of the probe, r and 1 are the radius and exposed length of the probe.
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The electron density of plasma fired from the plasma gun is found to be 9.7 X 10'°m™ at discharging potential 1.4
kV and ambient pressure 0.2 mb. The electron temperature is ~ 1 eV. The probe is placed at 10 cm and 12.5 cm
respectively from the plasma gun. When the background plasma system is turned on and plasma is fired from the
gun across the background plasma, the peak electron density becomes 7.9 X 10*'m™ at a distance 10 cm from
plasma gun, where the background plasma exists. The electron density of back ground plasma is 10°m? for
discharging potential 0.5 kV [15]. The background plasma extends from 8 cm from plasma gun to 12 cm, as the
parallel plate used in back ground plasma is around 4 cm wide. On the other hand at a distance 12.5 cm from plasma
gun where the periphery of background plasma region exists, the electron density of plasma is found to be 1.9 X
10m™. The electron density profiles of plasma in the absence and presence of background plasma is shown in

figures 4 and 5 respectively.
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Figure 3:- Electron density profile of argon plasma at a distance 10 cm from plasma gun
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Figure 4:- Electron density profile of argon plasma at a distance 12.5 cm from plasma gun
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Image of plasma structure gives a lot of information [19]. The image of background plasma is shown in figure 5 and
the image of plasma fired from plasma gun in the presence of background plasma is shown in figure 6. The plasma
structure inside background plasma region becomes more intense, which is evident from the images. The density of
plasma structure increases, being fueled by background plasma, ten times as shown in figure 3. So, external plasma
near gun mouth will enhance the plasma density and this will be very helpful for the experimenters using plasma
guns in fusion devices. Parallel plate type as well as filament plasma can be used as external plasma source for a
plasma gun, for its optimization.

Figure 5:- Image of background plasma

Figure 6:- Image of plasma from plasma gun in the presence of background plasma.

Conclusion:-

Background plasma enhances plasma density of the structure fired from plasma gun. The electron density of plasma
structure increases ten times, when fueled by background plasma of density thousand times less than that of plasma
produced from plasma gun. The electron temperature is modified in the presence of back ground plasma. External
plasma source will enhances the parameters of the plasma structure from plasma gun for fusion devices.
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